The thermal conductivity of isotopically enriched 28 Si (enrichment better than 99.9%) was redetermined independently in three laboratories by high precision experiments on a total of 4 samples of different shape and degree of isotope enrichment in the range from 5 to 300 K with particular emphasis on the range near room temperature. The results obtained in the different laboratories are in good agreement with each other. They indicate that at room temperature the thermal conductivity of isotopically enriched 28 Si exceeds the thermal conductivity of Si with a natural, unmodified isotope mixture by 10±2 %. This finding is in disagreement with an earlier report by Ruf et al. At ∼26 K the thermal conductivity of 28 Si reaches a maximum. The maximum value depends on sample shape and the degree of isotope enrichment and exceeds the thermal conductivity of natural Si by a factor of ∼8 for a 99.982%
INTRODUCTION
Phonon scattering due to the presence of different isotopes in an otherwise pure crystal (no chemical defects or dislocations) has been identified as a mechanism that strongly affects the thermal conductivity κ [1−3] . The availability of larger quantities of highly isotope-enriched materials recently revived the interest in this effect in order to study the mechanisms underlying the thermal conductivity and possibly to improve material properties [4−8] .
Recently, the observation of a significantly enhanced thermal conductivity of isotopically enriched 28 Si near room temperature by Capinski [9] and Ruf et al. [10] has generated large interest. In these studies, it was found that the thermal conductivity of isotopically enriched 28 Si is enhanced by about 60% over that of silicon with natural isotopic composition. This rather high isotope effect attracted considerable attention concerning both, fundamental physics and applications. For technical applications, a significantly enlarged thermal conductivity at room temperature would be of interest for high performance electronic devices. [11] . From the fundamental physics aspect, the experimental results were unexpected since the observed isotopic effect was significantly larger than the prediction of simple theoretical estimates [10−13] and more advanced model calculations [14] . On the other hand, theoretical papers [15−17] were published with the results supporting the data of refs. [9, 10] . A large isotopic effect at room temperature is in principle only possible if normal phonon-phonon scattering processes play an important role in determining the formation of the non-equilibrium distribution function of phonons at these temperatures.
The large room temperature isotope effect was questioned following the results of an experimental study by Gusev et al. [18] which indicate that the room temperature isotopic effect amounts to only 7%, and more recently by an erratum in which an increase at room temperature of about 10% was reported [19] . 
EXPERIMENTAL DETAILS
Thermal conductivities were measured on a total of four different bar-shaped samples of enriched 28 Si, (99.9% and higher) with a broad range of cross sections (∼ 4 − 20 mm 2 ) and lengths (20 -50 mm). The samples were cut from crystals grown by the floating-zone method such that the orientation along the sample length was always [100] . A detailed description of the preparation of isotopically enriched 28 Si crystals has been given elsewhere [20] . The samples with natural isotopic composition, which were measured for comparison, had the same sizes and crystallographic orientation and similar chemical purity. Chemical, isotope and geometrical details of all investigated samples of 28 Si are compiled in Table I . The surfaces of samples 28 Si-M and 28 Si-NN were particularly ground with 14 µm abrasive powder slurry to ensure diffuse scattering of thermal phonons from the sample surfaces at low temperatures.
In all three laboratories, the thermal conductivities were measured by the steady-state heat flow technique using either platinum resistance thermometers (Lake Shore Cryotronics, Inc.) (50-320 K) or Cernox thermometers (CX−1050 Lake Shore) (5−300 K) as temperature sensors and a surface mounted thick film (SMD) resistor as a heater which was glued to one end face of the samples. The opposite end of the sample bars was thermally anchored to a Cu block which was thermally coupled to the cryostat. Distances between the temperature sensors were ∆x≈10-20 mm. After sufficient stabilization to a particular temperature T, the electrical power P dissipated LQ WKH 60' KHDWHU ZDV DGMXVWHG VXFK WKDW W\SLFDO WHPSHUDWXUH JUDGLHQWV T amounted to 0.01- ∆T and, compared to thermal conduction, it becomes increasingly important for samples with smaller cross sections and comparatively larger surface areas. For the sample with the smallest cross section investigated (MPI FKF, 28 Si-S1, A∼3.8 mm 2 ) assuming an infrared emissivity of ∼0.5, radiation losses were estimated to contribute by about 2% to the heat dissipation at room temperature. Thermal radiation losses at room temperature are therefore smaller than other experimental errors and become negligible for the samples with larger cross sections. To test the resolution and eventually correct for radiation losses, the thermal conductivity of isotopically enriched samples with different cross sections was determined with especially high precision around room temperature and above.
RESULTS AND DISCUSSION
The thermal conductivities κ(T) of three isotopically enriched 28 Si samples as measured independently by the three laboratories are displayed in Fig. 1 [17] , however, truncating a temperature independent contribution of ∼3×10 -4 mK W -1 as used in [13] .
The low-temperature data displayed in Fig. 3 Si, the thermal conductivities of the MPI FKF 28 Si sample are by about a factor of 2 larger than those of nat Si. We ascribe this difference to additional phonon scattering by chemical impurities or different surface scattering due to different sample surface finishing [7] . We finally discuss the thermal radiation losses which around room temperature may provide an additional channel for heat dissipation in samples with a small cross section. Figure 4 displays the "nominal" thermal conductivities of two samples which differ in cross section by about a factor of 5. The total sample length and the distance between the temperature sensors were approximately the same. We can clearly observe an increasing difference of the "nominal"
thermal conductivity between the two samples which grows approximately ∝T 3 thus indicating that the difference is due to increased radiation losses for the sample with smaller cross section.
Using the Stefan-Boltzmann law for thermal radiation, we can estimate the ratio of heat flow due to thermal radiation P rad and conduction P cond to be
, where S is the sample surface, A the cross section, l the sample length, ε the infrared emissivity and σ the Stefan-Boltzmann radiation constant. Using the sample dimensions and assuming an average infrared emissivity ε∼0.5, we estimate that for the sample with cross section A∼4 mm 2 the radiation losses at room temperature amount to about 2%, which is in very good agreement with the experimental observation. Consequently, for the larger sample of (A∼20 mm 2 ) radiation losses at room temperature are negligible.
In summary, in a collaboration involving three laboratories, we have independently redetermined the thermal conductivity of natural Si and isotopically enriched 28 Si samples. In the temperature range 80 K<T<300 K, we find excellent agreement between the three sets of results. We therefore conclude that at room temperature the thermal conductivity κ of 28 Si exceeds κ of nat Si by only 10±2 %. Optimized experimental conditions, improved samples and the close coincidence of all experimental results indicate that the original measurements by Ruf et al. represent an overestimate of κ(T) at room temperature, a fact which has already been admitted by these authors [19] . In addition, we find that close to room temperature the values of the thermal conductivity of nat Si are about 3% lower than those recommended in the existing literature.
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